Summary
To Patients with diabetes mellitus generally have reduced exercise capacity (1,2). The possible existence of cardiac dysfunction and impaired autonomic nervous reflexes has been suggested to contribute to this reduced capacity. Previous studies have shown that increases in stroke volume (3) and heart rate (4) during exercise were diminished in diabetic patients with cardiac autonomic neuropathy, resulting in a reduction of increases in cardiac output during exercise (3, 5) . Diabetic patients frequently have left ventricular dysfunction due to diabetic cardiomyopathy, even at an early stage of the disease (6) (7) (8) (9) (10) . Impairment of the autonomic nervous system is a complication of diabetes. Although cardiac function is one factor that affects exercise capacity, the relationship between this factor and exercise capacity is still unclear in diabetic patients. The objective of this study was to elucidate the relationship between cardiac function at rest and the exercise capacity of diabetic patients.
PATIENTS AND METHODS
Patients. A total of 15 non-insulin-dependent male diabetic patients who ranged in age from 26 to 70 years were admitted to the study. The duration of diabetes mellitus ranged from 1 to 22 years. Patients were divided into two groups according to their isovolumic relaxation time (IRT), determined by echophonocardiography . Group 1 consisted of 9 patients with an IRT<90 msec who had almost normal left ventricular diastolic function, while Group 2 consisted of 6 patients with an IRT_??_90 msec who had an obvious abnormality of left ventricular diastolic function.
The age and body weight of the two groups did not differ significantly; however , the duration of diabetes in group 2 exceeded that of group 1. There was no significant difference between the two groups with regard to fasting blood glucose and hemoglobin A1c levels. The beat-to-beat variation in R-R interval (CVRR) at rest was longer in group 1 than in group 2 ( Table 1) .
None of the patients studied had signs or symptoms of coronary artery disease, or of other cardiovascular diseases, or had a history of taking digitalis or beta-blockers . However, one patient had received diuretics for congestive heart failure.
METHODS
All subjects were evaluated by echocardiography and cycle ergometer exercise testing during a stable state of diabetic control 1 or 2 weeks after their admission.
Echocardiography. The isovolumic relaxation time, systolic time intervals, and left ventricular dimensions were obtained by simultaneous echocardiograms (SSH 160A , Toshiba, Tokyo, Japan), phonocardiograms, electrocardiograms, and recordings of the (1) reported that the maximal exercise capacity of such patients who had decreased the beat-to-beat variation in R-R interval was reduced. Kremser et al. (2) reported that the maximal VO2 was reduced in diabetic patients with cardiac autonomic neuropathy as compared to normal subjects and diabetic patients without sensory or autonomic neuropathy, and that VO2 at anaerobic threshold was similar for the three groups. We were unable to measure maximal exercise capacity in our patients as their exercise was ended before they had achieved maximal exercise resulting in dyspnea or leg fatigue. Our study showed that diabetic patients with left ventricular diastolic dysfunction had a shorter beat-to-beat variation in R-R interval and a lower VO2 at AT than did the diabetic patients with normal left ventricular diastolic function. Patients with a prolonged IRT did not always have a short CVRR, so that diabetic patients with both a prolonged IRT and a short CVRR had a low VO2 at AT, indicating reduced exercise capacity.
To explain the causes of reduced exercise capacity in diabetic patients with cardiac autonomic neuropathy, it has been suggested that the increase in stroke volume, and thus in cardiac output, was reduced during exercise (3), suggesting that there was a reduced left ventricular performance. There is considerable evidence that diabetic patients have abnormalities of left ventricular function in the absence of clinical heart disease (16-18). Rubler et al. (16) reported four patients with diabetic glomerulosclerosis who presented with cardiomegaly and congestive heart failure of unknown cause. Ahmed (6) and Shapiro (7-10), using a non-invasive method, demonstrated an impairment of left ventricular function in diabetic patients with no coronary artery disease. Delia et al. (19) reported diabetic patients with an abnormal pressure-volume curve of the left ventricle but with no coronary artery disease. Kahn et al. (4) reported that the increase in heart rate during exercise was decreased in diabetic patients with cardiac autonomic neuropathy. Autonomic nervous system reflexes are important in the cardiovascular response to exercise, and abnormalities in autonomic nervous system function would be expected to produce a deranged regulation of responses to exercise (5) .
While there are many reports on cardiovascular performance during exercise in diabetics, there are none of the relationship between left ventricular function at rest and exercise capacity. Although exercise therapy is very important for diabetic patients , the examination of cardiac function and exercise capacity is necessary, since some diabetic patients with no coronary artery disease are at risk of sudden cardiac death during exercise. If we could evaluate the cardiac function and exercise capacity of such patients by a non-invasive method, it might easier to determine whether or not exercise is contraindicated for them.
In prolonged earlier than the PEP/LVET ratio in diabetic patients (5) and is thus a more sensitive index of impaired left ventricular function than this ratio. Furthermore, the isovolumic relaxation time is related to exercise capacity and sympathetic nervous system reflex responses to exercise in diabetic patients measured by anon-invasive method; this measurement appears to provide a useful index for cardiovascular response to exercise in diabetic patients with no coronary artery disease.
